To decide whether the number of operations for coronary artery bypass grafting should be increased, maintained at the present levels, or decreased we need to know how cost effective they are relative to other claimants on the resources of the National Health Service. For this purpose effectiveness is taken to be the effect on life expectancy adjusted for the quality of life. In an assessment of the cost per quality adjusted life year gained coronary artery bypass grafting rates well for cases of severe angina and extensive coronary artery disease. The cost, however, rises sharply for less severe cases. Bypass grafting seems to compare favourably with valve replacement for aortic stenosis and implantation of pacemakers for heart block; it is distinctly better than heart transplantation and the treatment of end stage renal failure but is probably less cost effective than hip replacement. If the number of operations for coronary artery bypass grafting were to increase it would be a fairly strong claimant only if restricted to the most severe cases.
Introduction
The report of a consensus development conference on coronary artery bypass surgery recommended a large increase in the number of such operations in the United Kingdom, to 300 for every million of the population, "if this represents provision for high benefit patients."'I The report acknowledged, however, that such a development would require considerable funds and that "the problem of assessment of priorities remains. This in turn should take account of estimations of the relative cost effectiveness of other procedures competing for resources."
The report went on to say "We were impressed by one method of measurement combining quality and duration of life. Further development of this approach is recommended so that it can be of help not only in comparison between coronary artery bypass surgery and other priorities but also between the various subgroups of patients whom it is proposed should be treated by coronary artery bypass surgery. Such techniques would also help to identify health service estimates which are being continued despite low benefit." This paper presents the economic analysis given to the panel at the consensus development conference in the hope that this will lead to a better understanding of the methodology and enable better data to be collected and deployed than the rather crude data used here.
The problem
The objective of economic appraisal is to ensure that as much benefit as possible is obtained from the resources devoted to health care. In principle the benefit is measured in terms of the effect on life expectancy adjusted for the quality of life. The resources for health care should include not only costs to the service but also costs borne by patients and their families. Given the amount of unemployment, which is expected to persist in the near future, increases in production that might be associated with employment gains have been disregarded. Procedures should be ranked so that activities that generate more gains to health for every £ of resources take priority over those that generate less; thus the general standard of health in the community would be correspondingly higher.
Coronary artery bypass grafting is one of many contenders for additional resources. Ideally, all such contenders should be compared each time a decision on allocation of resources is made to test which should be cut back and which should be expanded. The central issue before the conference was whether the number ofoperations for coronary artery bypass grafting should be increased, decreased, or maintained at its present level. To address this problem three factors need to be considered: firstly, which groups ofpatients stand to gain the most and the least from such operations; secondly, whether any of these groups of patients gain more for every £ of resources than patients awaiting other types of cardiac surgery-for example, transplantation, replacement of valves, insertion of pacemakers, and percutaneous transluminal coronary angioplasty; and, thirdly, whether other specialties have procedures that are more important than any of these-for example, kidney transplantation, renal dialysis, and hip replacement. In an ideal world a better standard of care for the elderly, mentally ill, and mentally handicapped, diagnostic methods such as computed tomography and nuclear magnetic resonance, and preventive measures should also be considered. I shall restrict attention here to the more costly therapeutic technologies.
Measuring benefits
Generally, clinical trials compare rates of survival at various arbitrarily selected times after treatment has started. For our purposes we need to translate these comparative rates of survival into information on the change in life expectancy, which must then be adjusted for the effects on worse than death-that is, had negative valuations-and it was only for those states given a value of below 0-9 (below the line) that the respondents regarded the degree of disability and distress as warranting less than 90% of the score assigned to being fit and well. The 70 respondents included 10 doctors, all of whom appeared to have a much greater aversion to disability and distress than the population at large; they would therefore overvalue reductions in disability and distress compared with the rest of the population.
Gain in quality and
Em eghof life
In patien'ts with disease of one vessel and severe angina ( fig 2) the probabilities would be the same but the outcomes different as coronary artery bypass grafting offers little potential benefit over medical management, and if the operation proves fatal the patients will have lost the adjusted life expectancy that medical management offers.' The three cardiologists complained about the difficulty of establishing these profiles with any confidence, which seems to be a serious indictment of the nature of the evaluative work currently carried out, with measurements of the quality of life playing a minor part, so that they were having to rely heavily on their clinical experience. All three cardiologists offered prognoses for the cases of severe angina, but one was unable to offer any estimates for the cases of moderate and mild angina. The prognoses for replacement of valves for aortic stenosis were also based on only two respondents, and the prognoses for percutaneous coronary angioplasty and pacemakers were from only one respondent. Table II , based on these responses, gives a schedule of the effect on life expectancy adjusted for quality of life. Figures  1 and 2 show the expected quality of life profiles obtained from these data. In 67% of patients with disease of the left main vessel and severe angina there would be considerable gains from coronary artery bypass grafting. For 30% the operation would provide no better prognosis than medical management, and for an unfortunate 3% the operation would prove fatal (fig 1) . Thus the expected value of coronary artery bypass grafting in this case would be 0-67 of the shaded area minus 0 03 of the unshaded area (representing the quality oflife that would have been enjoyed had the operation not been undertaken).
*Values are for a "standard" patient: a 55 year old man with good left ventricular function and no important concurrent conditions. For other classes of patient gains are probably less-for example, for women, older patients, and those with poor left ventricular function, or other important diseases. Gains have been discounted at 5% per annum to maintain comparability with data on cost.
Measuring costs
The resources devoted to diagnosis and treatment include costs to the service and those falling on patients and their families. As there are few procedures for which much information about private costs is available these have been ignored here. The possibility that some of the rankings might be changed had private costs been included cannot be ruled out. The alternative to bypass surgery is medical treatment. Some studies assume that this costs about the same with and without bypass surgery. Others suggest that medical treatment is considerably reduced after coronary artery bypass grafting78: the incidence of myocardial infarction may be reduced after grafting, resulting in further savings in medical costs.
The incidence of repeat operations after coronary artery bypass grafting and late operations after medical management may be similar. Weinstein and Stason suggested that, after working out the difference in the costs of medical care with and without operation, and the difference in the cost of treatment of myocardial infarction, the net cost of coronary artery bypass grafting is about 80% of the surgical cost in cases of severe angina and about 90% in cases of mild angina.7 When these ratios are applied to the DHSS's estimates of surgical costs of bypass surgery the excess of surgical over medical costs in the United Kingdom is about £2860 for cases of severe angina and £3170 for cases of mild angina. This would suggest a cost of about £3015 for moderate angina. The implication of this British and American hybrid estimate is that the cost of medical management without operation lies between £150 and £70 annually, depending on the severity of angina. The cost of medical care after operation would be about £75 annually.
A report from the Mayo Clinic by Reeder et al indicates that, owing to the high rate of restenosis, percutaneous transluminal coronary angioplasty is only about 15% cheaper than coronary artery bypass grafting.9 If this is so in the United Kingdom it would mean excess costs over medical management of between £2400 and £2680. For heart transplantation Jennett quoted a figure of £15 000 (November 1982 prices) for initial costs'2; additional costs for subsequent drugs, etc, need to be included, which I have taken to be slightly higher than those required for kidney transplantation, amounting to an annual figure of about £2000.
Cost effectiveness
For the quality of life I obtained estimates for patients with replaced valves and pacemakers by the same method as for those who had undergone coronary artery bypass grafting, but for heart transplantation I used Hellinger's review of American (mainly from Stanford) experience, which indicated gains in life expectancy of between about two and six years.'3 As techniques have probably improved I took a figure of 5 * 5, which I assume to be good quality of life, which, with discounting, gave a score of4 5. Table IV summarises these data and shows that insertion of pacemakers (for heart block) and replacement of valves (for aortic stenosis) are better value for money than coronary artery bypass grafting, though insertion of a pacemaker for the sick sinus syndrome and replacement of valves for mitral problems compare less favourably. Heart transplantation does not seem to be a serious contender. Table V shows the costs and relative gains in adjusted quality of life for the treatment of end stage renal failure and hip replacement. Interestingly, of all treatments examined so far, hip replacement comes near the top of the league whereas renal dialysis fares less well than heart transplantation.
Discussion
Before a well informed judgment can be made of whether it is in the public interest to increase, decrease, or keep constant the number of operations for coronary artery bypass grafting reliable comparisons must be made with other potential users of resources.
Such information is not readily available, and the assumptions that I have made are not entirely satisfactory. Clearly, further research is needed and should be focused much more on measurement of the quality of life and on costs (both public and private). Far too much attention has been paid to the rate of survival, which, in the case of coronary artery bypass grafting and many other therapeutic procedures in which the main benefit is improved quality of life, is potentially misleading.
Resources need to be redeployed at the margin to procedures for which the benefits to patients are high in relation to the costs, such as the insertion of pacemakers for heart block, hip replacement, replacement of valves for aortic stenosis, and coronary artery bypass grafting for severe angina with left main disease and triple vessel disease and moderate angina with left main disease. These treatments should take priority over additional facilities for patients needing kidney transplants and coronary artery bypass grafting for mild angina with left main disease, moderate angina with triple vessel disease or one vessel disease, and severe angina with one vessel disease, for which the costs per quality adjusted life year gained are higher.
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